Introduction and Background 28
[2] Even though the Mw 7.7 1969 Ozernoi and the Mw 7.8 1971 Kamchatskii tsunamigenic 29 earthquakes ( Fig. 1 ) occurred in the era of seismic instrumentation, the earthquakes and 30 especially the associated tsunamis are poorly characterized because the region is remote and 31 sparsely populated. Despite shortcomings in historical and instrumental records, however, 32
Kamchatka is an excellent field location for studying tsunami deposits, leading to greater 33 understanding of the earthquakes and their tectonic setting. Foremost, well-studied tephra 34 deposits from prolific volcanoes along the Kamchatka arc provide excellent chronological 35 control. Also, low rates of human, plant and animal disturbance (bioturbation) offer high levels 36 of deposit preservation in peats, beach-ridge swales, and marine terraces. Plate boundaries in the 37 region produce high numbers of earthquakes, and many historical tsunamis have affected 38
Kamchatka (S-Table 1, Fig. 1 ), leaving geologic traces. In spite of all these favorable conditions, 39 it is still not possible to separate the 1969 and 1971 tsunami deposits through field observations 40 and stratigraphic analysis because dating techniques are not that accurate, and there is not a 41 tephra layer between them (S- (Fig. 1) . 72
Originally, Fedotov and Gusev [1973] concluded that the fault plane was nearly vertical and the 73 earthquake was strike-slip. Later, Cormier [1975] and Daughton [1990] concluded the 1969 74 earthquake was a low-angle (5-10˚) thrust. The associated tsunami, though it had little human 75 impact due to sparse population, was described at a number of local sites, with a maximum 76 reported runup of 10-15 m on the Ozernoi Peninsula (S- Figure 1C) . In 57 cases, the 117 last excavation clearly did not contain the deposit. This deposit, comprising sand and fine gravel 118 transported from the beach, is typically a few centimeters thick, ranging up to 20 cm. We call 119 the elevation of the deposit at its maximum horizontal extent inland "sediment runup." 120
[Maximum extent inland is defined as inundation.] The distribution of tsunami-deposit elevation 121 has two latitudinal peaks (Fig. 2) . From 58º to 57º sediment runup typically ranges from 2 to 4 122 m, decreasing to the south. From 57º to 56º sediment runup typically ranges from 3 to 6 m 123
[maximum more than 10 m], increasing to the south. 124
[11] On the Ozernoi Peninsula, we measured maximum sediment runup of about 4 m above 125 high tide, significantly lower than reported catalog runup observations of 10-15 m south of Cape 126
Ozernoi [Zayakin, 1981] . This and other discrepancies could be due in part to sediment extent 127 being less than actual tsunami wave runup/inundation. However, we think maximum deposit 128 elevations on the Ozernoi Peninsula, as well as modeling described below, cast doubt on the 10-129 15-m cataloged runup. 130
[12] In general, sediment extent is greatest on Ozernoi and Kamchatskii peninsulas, which are 131 also the areas with some of the steepest profiles (Figs. S1-S3) . In areas such as Ozernaya and 132 Uka (Fig. 2) , profile elevations rarely exceed 5 m above high tide (Table S5) , so though the 133 tsunami may have been higher than 5 m, there will be no sedimentological evidence left behind.
[13] Tsunami modeling is done in two stages. The first stage is the computation of initial 139 deformation of the ocean surface due to the earthquake, which is used as initial conditions for a 140 tsunami propagation model. The second stage is computation of tsunami wave evolution 141 including runup. For each earthquake, after preliminary runs, we tested five initial conditions 142 based on the given parameter range from seismologic analysis (Table 1) . We used the MOST 143 (Method of Splitting Tsunami, Titov and Synolakis [1995, 1998 ]) model to generate runup. Our 144 goal was to vary initial conditions to find the best match of modeled tsunami runup with the 145 minimum runup indicated by tsunami deposits. 146
[14] To determine the source mechanisms that best explain our field sedimentological 147 observations we started with published focal mechanisms [Cormier, 1975; Okal and Talandier  148 1986; Daughton, 1990] ( Fig. 1; Table 1 ). We held the seismic moment constant for each 149 earthquake and used the same shear modulus [30 GP] in all cases. Because the published focal 150 mechanisms do not completely agree, and because each focal mechanism represents two possible 151 fault planes, we started with four possible fault-plane solutions for each earthquake (each had 152 two published focal mechanisms). We ran preliminary models were run for all four 153 configurations, but favored the low-angle solution for both 1969 and 1971 based on published 154 data, local structures, and tectonic setting. Then, using mapped aftershocks of each earthquake, 155 we varied rupture location, slip, length and width. We then used equations derived by Okada 156
[1985] to compute surface deformation--the initial tsunami condition. 157
[15]
To model tsunami wave evolution including runup, we used the MOST code with 158 three telescoping grids. In the first two grids (resolutions 90 and 27 arcsec) the shallow-water 159 wave equations (SWE) are numerically solved with reflective boundaries for land, and radiating 160 boundaries for water to account for propagation. The third grid has a resolution of 3 arcsec, and 161 in this case the SWE are solved with radiating boundaries for water, and a moving boundary for 162 land to account for inundation. Finally, in order to constrain model parameters, for each 163 simulated tsunami we made comparisons of time series of the model output to tide-gauge records 164 from Ust' Kamchatsk (Fig. S4) . Given uncertainties in bathymetry, tide-gauge location, and 165 quality of tide-gauge records, these comparisons are difficult; but remain an important means to 166 gain confidence in the tsunami sources we used. 167 168
Modeling Results 169
[16] Modeling of the two tsunamis indicates that most of the identified deposits can be 170 explained by the 1969 and 1971 earthquakes (Fig. 2) . Inundation computations using MOST 171
showed that both earthquakes generated significant tsunamis in the region of field investigations 172 (Fig. 2, 3) , and both tsunamis are needed to explain the field data. Model runup of the 1969 173 tsunami is highest on the Ozernoi Peninsula and also north of the Stolbovaya field area (Fig.  174   2,3) ; the latter is a region where we have no field data because the coastline is dominated by 175 cliffs. Model runup of the 1971 tsunami is highest on the Kamchatskii Peninsula (Fig. 2,3) . 176
[17] In general, deposits from field areas to the north-Uka, Ozernoi, and Ozernaya-are in 177 good agreement with the preferred model of the 1969 tsunami, and deposits to the south-178
Soldatskaya and Kamchatskii-are in good agreement with the 1971 model (Fig. 2) . The source 179 of the deposits in Stolbovaya is ambiguous (Fig. 2) . Catalog data of runup for 1969 (S- Table 1 ; 180 we are inclined to interpret the catalog data as exaggerated. 183
Discussion and conclusions 185
[18] We conclude that modeled initial conditions can explain most of the tsunami-deposit 186 distribution (Fig. 2, 3) Table 1 ). 
